Benzodiazepines differentially inhibit phenylephrine-induced calcium oscillations in pulmonary artery smooth muscle cells.
Modulation of intracellular free calcium is a critical determinant of vasomotor tone. The authors investigated the effects of three benzodiazepines on alpha-adrenergic-induced oscillations in intracellular free calcium in individual pulmonary artery smooth muscle cells. Pulmonary artery smooth muscle cells were cultured from explants of canine intrapulmonary artery. Fura-2-loaded pulmonary artery smooth muscle cells were continuously superfused with phenylephrine (10 microM) at 37 degrees C on the stage of an inverted fluorescence microscope. Intracellular free calcium was measured using a dual wavelength spectrofluorometer. After establishment of steady-state intracellular free calcium oscillations induced by phenylephrine, lorazepam, diazepam, or midazolam was added to the superfusate. The amplitude and frequency of the intracellular free calcium oscillations were compared before and after addition of each agent. Resting mean +/- SEM values of intracellular free calcium were 68 +/- 8 nM. Phenylephrine stimulated dose-dependent oscillations in intracellular free calcium, which reached a peak concentration of 676 +/- 35 nM and a frequency of 1.08 +/- 0.1 transients/min. Addition of lorazepam (1 microM) inhibited (P < 0.05) the amplitude (591 +/- 32 nM) but not the frequency (0.97 +/- 0.1 transients/min) of the oscillations. Conversely, diazepam (1 microM) decreased (P < 0.05) the frequency (0.79 +/- 0.1 transients/min) but not the amplitude (663 +/- 37 nM) of the oscillations. These effects were dose-dependent. In contrast, midazolam (1-30 microM) had no effect on the amplitude or frequency of intracellular free calcium oscillations. At concentrations higher than 100 microM, however, all three benzodiazepines inhibited both the amplitude and frequency of the intracellular free calcium oscillations. Lorazepam and diazepam but not midazolam exerted differential inhibitory effects on phenylephrine-induced intracellular free calcium oscillations. Benzodiazepines may alter the pulmonary vascular response to sympathetic alpha-adrenoreceptor activation by direct inhibition of intracellular free calcium signaling in pulmonary artery smooth muscle cells.